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Loss- in-weight feeder control 

The present invention relates to a method of feeding fine 
particulate matter in a continuous manner, e.g., to dif- 
5 ferent kinds of manufacturing processes. In the context 
of the invention, the term particulate matter is used 
generally in reference to any bulk particulate material . 
In a great number of applications, the material is in 
granular or powderform, whereby its flowing qualities can 
10 be improved by f luidization, which is implemented through 
blowing air into the material . 

A system based on the so-called loss- in-weight gravimet- 
ric weighing technique is used for the control of the 
15 feeding. 

The use of loss- in-weight feeding for the above-mentioned 
purpose is known in the art from different applications. 
The control system is implemented using equipment in 

20 which an essential part is formed by material storage 
means suspended on weight transducers comprising a so- 
called weighing bin or bins whose weight can be measured 
at a desired instant of time. The material flow is passed 
from such a bin to a feeder constructed to cooperate in- 

25 timately with said container and having its operation 
controlled by a measurement signal obtained from the 
loss- in-weight information of said weighing bin. 

A problem herein arises from the refilling of the 
30 weighing bin. Continuous operation of the system presumes 
that the refilling must be performed simultaneously with 
the discharge of the weighing bin contents for feeding 
which causes disturbances to the control of the feeder. 
Consequently, the refill phase is desired to be most ins- 
35 tant, and during this time of weight uncertainty, the 
control system is attempted to be run under different 
kinds of empirical or computational algorithms. However, 
said in-evitable uncertain period of weight control re- 
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mains a persistent problem. 

Various solutions have been proposed to this problem, one 
of them being described in published German patent appli- 
5 cation no. 37 42 229. The arrangement disclosed therein 
is based on a loss-in-weight type of feeder in which the 
material flow to the feeder is passed via two series-con- 
nected weighing bins. The scale of the first weighing bin 
in the series connection is adapted to monitor the weight 

10 changes of this bin only, while the scale of the latter 

bin monitors the weight changes of the overall system. As 
a rule, the weight signal of the latter bin scale as such 
is used in the feeder control except in situations when 
the first bin is being refilled. In this situation, the 

15 control signal is conditioned by subtracting the weight 
signal of the first scale from the weight signal of the 
latter scale. Superficially the system operation appears 
unproblematic notwithstanding its simplifying approaches 
that inevitably degrade the accuracy of the control . An 

20 essential simplification is therein that, during the re- 
plenishment transfer of the material from the first 
weighing bin to the latter, the amount of material drop- 
ping between the bins can be known only computationally, 
not being under control of either scale which gives rise 

2 5 to an uncertainty factor in the control system. 

In the art is also known an arrangement in which two fee- 
ders with a loss-in-weight control system are connected 
in parallel. In this configuration the loss-in-weight 

30 feeders are refilled alternatingly . Material feed is per- 
formed using the feeder which is not in its refill phase. 
A control arrangement based on the above -described prin- 
ciple is disclosed, e.g., in US Pat. No. 4,579,252. While 
this arrangement offers a reasonable accuracy of weight 

35 control, the overall accuracy is degraded by the weighing 
errors during the feeder starting phases. The equipment 
costs of the system are high. 
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According to the present invention, in the above-descri- 
bed kind of continuously operating feeder control method 
in which the control of the material flow is accomplished 
by gravimetric loss- in-weight measurement of the feed 
5 rate and the continuous feed rate is maintained by means 
of alternating replenishment flows performed under gra- 
vimetric material flow measurement, the accuracy of cont- 
rol has been improved by virtue of providing the re- 
plenishment and feed phases with weight measurement sub- 

10 systems operating independently from each other, subject- 
ing the material flow passing via the replenishment and 
feed phases to realtime weight measurement at least by 
one of said subsystems and performing the control of the 
feed rate based on the sum function of the replenishment 

15 loss-in-weight signal and the feed loss-in-weight signal. 

Advantageously, said realtime continuation of the mate- 
rial flow during either the replenishment phase or the 
feed phase performed under weight control is accomplished 
20 by arranging the material flow between the replenishment 
and the feed units to occur as a gravitational plug flow 
in which the material is passed as a continuous flow from 
the replenishment unit to the feed unit. 

25 Further advantageously, the feed continuity is assured by 
performing the replenishment of the feed unit in an al- 
ternating manner using a greater number than two of the 
parallel -operating intercontainer replenishment flows . 

30 In the following, the invention will be described in a 
greater detail by making reference to the appended dra- 
wing in which is shown schematically an embodiment of an 
apparatus suited for implementing the invention. 

35 The apparatus firstly comprises two replenishment bins 1 
and 2, each connected to its own independent weighing 
equipment. In the following text, the bins are called 
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weighing replenishment bins. The material to be fed is 
passed into these replenishment bins via tubes 3 and 4 
equipped with cutoff valves 9 and 10 of appropriate type. 
The weighing replenishment bins 1 and 2 are provided with 
5 hopper nozzles 5 and 6 for transferring the material to 
be fed into a weighing feed bin 7 comprised of a bin and 
a weighing system. The feeder 8 communicates in a fixed 
manner with the weighing feed bin and operates under the 
control of the weighing system of the same. 

10 

The nozzles 5 and 6 are connected downstream via a flex- 
ible connector to assure independent function of respec- 
tively series-connected weighing bins 1 and 7, respecti- 
vely 2 and 7. In the design and dimensioning of the nozz- 

15 les, it must be taken into account that a disturbance- 
free operation of the system requires a continuous plug 
flow in such a manner that the material levels in the 
weighing feed bin 7 and the weighing replenishment bins 
1, 2 respectively connected thereto by said continuous 

20 plug flow can be considered to have a contiguous content 
of material . 

The nozzles 5 and 6 are provided in a similar manner with 
cutoff valves 11 and 12 of appropriate type. 

25 

The weighing feed bin 7 is fixed to the feeder 8 which in 
the illustrated embodiment is implemented using a screw 
feeder. The drive machinery 13 of the feeder is provided 
with a suitable control permitting the adjustment of the 

30 feeder screw speed of rotation to attain the proper feed 
rate. According to the invention, the feed rate control 
signal is obtained from the sum function of the loss-in- 
weight signal of the weighing feed container and the 
loss- in-weight signal of the weighing replenishment con- 

35 tainer 1 or 2 concurrently communicating therewith. 

The loss-in-weight measurement of the weighing rep- 
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lenishment bins 1 and 2 is used for controlling the feed - 
rate only when the actual replenishment bin has a free- 
flow connection with the weighing feed bin 7 and, respec- 
tively, the loss- in-weight measurement of a weighing re- 
5 plenishment bin must be included in the control function 
over the instants said replenishment bin is in a free- 
flow connection with the weighing feed bin. Herein, mea- 
sures must be taken to assure that the flow connection to 
the weighing feed bin is cut off for the weighing rep- 
10 lenishment bin being refilled. 

In the implementation of the invention, the feeder desc- 
ribed herein can be replaced by any equivalent, control- 
lable feeder type such as a belt feeder, compartment fee- 
15 der, plate feeder, vibrating feeder, etc. 

The embodiment of the invention is operated starting from 
the following initial situation. The feeder 8 is stopped 
and the material to be fed is flowed via, e.g., the re- 

20 fill nozzle 3 into the weighing replenishment bin 1. The 
discharge valve 11 of the weighing replenishment bin 1 is 
open thus allowing the material to flow into the weighing 
feed bin 7 in order to fill the same. When the weighing 
replenishment bin 1 is full of material, the refill flow 

25 into the container is cut off. During this refilling pha- 
se of the replenishment bin 1, the discharge valve 12 of 
the weighing replenishment bin 2 is kept closed. After 
these initial steps, the system is ready for use. Next, 
the feeder 8 is started and its operation is controlled 

30 by the sum function of the loss- in-weight signals ob- 
tained from the bins 1 and 7 connected to their respec- 
tive weighing systems. As a supplementary function, the 
filling of the weighing replenishment bin 2 is carried 
out . 



After the. weighing replenishment bin 1 is empty or almost 
completely empty, the discharge valve 11 thereof is clo- 
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sed and, respectively, the discharge valve 12 of the se- - 
cond weighing replenishment container 2 is opened. Simul- 
taneously with the switchover of the discharge valves 
open/closed states, the loss- in-weight measurement input 
5 signal to the feed control system is switched over from 
the weighing replenishment bin 1 to the weighing rep- 
lenishment bin 2, whereby also the control of the feeder 
8 is continued based on the sum function of the loss -in- 
weight signals of bins 2 and 7. Immediately after the 
10 discharge valve 12 of the weighing replenishment bin 1 is 
closed, the next refill to the weighing replenishment bin 
1 can be initiated. 

The above -described arrangement makes it possible to eli- 

15 minate the uncertain period of weight control almost com- 
pletely inasmuch the material being transferred as a plug 
flow from the weighing replenishment bins 1 and 2, res- 
pectively, to the weighing feed bins 7 is during the en- 
tire material transfer phase under the control of the 

20 scale of the weighing replenishment bin 1 (or 2, respec- 
tively) and the weighing feed bin 7, and practically no 
material flow in loose dropping state can occur. The only 
instant moment for slightly uncontrolled material flow 
can occur during the switching-over of the replenishing 

25 material flow from bin 1 to bin 2, and vice versa. With a 
suitable equipment arrangement also this uncertain period 
of weight control can be cut down to an insignificant 
factor. The disclosed control arrangement presumes that 
the weighing feed container 7 is kept continuously full. 

30 The novel arrangement also reduces the risk of uncontrol- 
led bypass flow through the feeder 8 and decreases the 
effect of quality variations in the material being fed on 
the accuracy of control . 
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Claims : 

1 . Method of feeding particulate material in a con- 
tinuous manner, in which method the control of the mate- 

5 rial feed flow is accomplished by gravimetric loss-in- 
weight measurement of the fee,d rate and the continuous 
feed rate is maintained by means of alternating rep- 
lenishment flows performed under gravimetric material 
flow measurement, characterized in that the 

10 replenishment and feed phases are provided with weight 

measurement subsystems operating independently from each 
other, that the material flow passing via the replenish- 
ment and feed phases is subjected to realtime weight mea- 
surement at least by one of said subsystems and that the 

15 control of the feed rate is accomplished based on the sum 
function of the replenishment loss - in-weight signal and 
the feed loss- in-weight signal. 

2 . Method according to claim 1, character- 
20 i z e d in that the material flow between the re- 
plenishment and the feed phases is maintained as a gravi- 
tational plug flow. 

3. Method according to claim 1 or 2 , charac- 

25 terized in that replenishment of the feed unit is 
performed in an alternating manner using a greater number 
than two of the replenishment flows. 
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